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METHOD FOR PURIFYING HYDROPHOBIC PROTEINS AND PEPTIDES 
BY MEANS OF HYDROPHOBIC ZEOLITES 

The present; Inven-tion relates to a method for pur±- 
5 fying, by means of hydrophobic zeolites, hydrophobic pro- 
teins and/or hydrophobic oligo-/polypeptides , especially 
for preparative and analytical purposes. 
Background of the Invention 

Zeolites, aluminium silicates having a framework 
10 structure, have in recent years been extensively used as 
adsorbents of organic compounds from industrial exhaust 
air. This application relies on the use of hydrophobic 
zeolites. The degree of hydrophobicity is given by the 
ratio of Si/Al, where hydrophobic zeolites have a high 
15 silicon content and, hence, few structural charge car- 
riers - 

The choice of strictly hydrophobic zeolites is limit- 
ed to silicalite, mordenite and zeolite Y. Generally, the 
usefulness of the zeolites is restricted by the size and 

20 the accessibility of the pores in the zeolite crystals - 

Silicalite and zeolite Y have three-dimensional pore sys- 
tems and high accessibility, while the pore system of 
mordenite is one-dimensional and, hence, less accessible. 
As to the size of the pore system, both zeolite Y and mor- 

25 denite are among the largest known zeolites with pore dia- 
meters of about .7 and 7.5 A, respectively. Silicalite, on • 
the. other .hand, has a pore .diameter of about 5.5 A (1). 

The zeolite Y crystals cannot be made larger than 
0.1-1 \im (2). This size distribution is not suitable in 

30 low-pressure chromatography, since a very high back pres- 
sure will be generated in the column. To obtain larger 
zeolite particles that can be used iii low-pressure chroma- 
tography, the zeolite crystals can be sintered or entrap- 
ped in a carbohydrate matrix (agarose). 

35 Purification and analysis of proteins or peptides in 

biochemistry and biotechnology are largely based on dif- 
ferent chromatographic methods. Generally, the chromato- 
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Graphic metzhods can be divided in1:o gel f iitira-tion, hydro- 
phobic chromatography, ion-exchange chromatzography and 
affinity chromatography. Hydrophobic chromat:ography uti- 
lises the interaction between a hydrophobic matrix and 
5 hydrophobic proteins or hydrophobic peptides . This inter- 
action may be due to: 

- hydrophobic regions or stretches in the proteins/ 
peptides (e.g, membrane proteins, lipases, and serum 
albumin ) 

10 - lipids or other hydrophobic substances covalently 

bonded to the proteins/ peptides (e.g. the Thy-1 antigen 
and the decay- accelerating factor DAF CD 55) 

- a hydrophobic side chain of an amino acid in the 
primary sequence of the proteins /peptides (e.g. the amino 

15. acids methionine, isoleucine and phenylalanine ) - 

The matrices used today in hydrophobic chromatography 
are based on a strong hydrophobic interactiion , and the 
proteins/peptides are often eluted under denaturating con- 
ditions . Hydrophobic zeolites mediate a weaker hydrophobic 

20 interaction between the matrix and the proteins/peptides. 

This invention is based on the use of hydrophobic zeolites 
as a matrix in hydrophobic chromatography. Hydrophobic 
zeolites have earlier been used to efficiently remove 
detergents from solutions containing a mixture of proteins 

25 and detergents (3,4,5). The aim has been to facilitate 

further purification of the proteins which would otherwise 
have been obstructed by the presence of the detergent.. 

One object of the present invention is thus to pro- 
vide a method for purifying hydrophobic proteins and/or 

30 hydrophobic oligo- /polypeptides from a solution by means 
of hydrophobic zeolites . 
Description of the Invention 

The hydrophobic zeolite used according to the present 
invention has the composition Na^[ ( AlO^ )^( SiO^ )^J , where x 

3 5 and y are integers and y/x >• 15- 
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In an especially preferred embodiment:, use is made of 
a zeolite where y/x > 1000. 

Examples of usable zeolites are silicalite, mordenite 
and zeoli-te Y. The hydrophobic zeolite can be used as such 
5 or in the form of sintered zeolite crystals, or in the 
form of crystals entrapped or suspended in, coated or 
suitably combined with one or more permeable, non-zeolitic 
materials . One example of usable non-zeolitic materials is 
agarose. 

10 Hydropihobic proteins and/or hydrophobic oligo- /poly- 

peptides are purified according to the invention, either 
by the desired protein binding completely or partly to the 
zeolite and being thereafter recovered,, or by undesired 
proteins binding to the zeolite and recovering the desired 

15 protein directly. The hydrophobicity of the zeolite and 

the amount of zeolite to be added can be established by a . 
person skilled in the art, and depends, inter alia, on the 
protein or the peptide of current interest, the composi- 
tion of the solution and the desired result. In this con- 

20 text, "hydrophobic proteins and/or hydrophobic oligo- 

/polypeptides" thus means such proteins and peptides as 
comprise 

- hydrophobic regions or stretches in the proteins/ 
peptides (e.g. membrane proteins, lipases, and serum 

25 albumin) 

- lipids or other hydrophobic substances covalently 
bonded to the proteins/peptides (e.g. the Thy-1 antigen, 
and the decay-accelerating factor DAF CD 55) 

- a hydrophobic side chain of an amino acid in the 
30 primary sequence of the proteins/peptides (e.g. the amino 

acids methionine, isoleucine and phenylalanine). 

The hydrophobic proteins and/or hydrophobic oligo-/ 
polypeptides to be purified according to the invention are 
present in a solution, and the method can be carried out 
35 batchwise, fully- or semi-continuously . The manner in 

which the zeolite and the solution containing proteins or 
peptides contact each, other is not critical.- For example. 
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the zeolitre may be added to the solution directly, or the 
zeolite can be packed in a column, to which the solution 
is added. Where the desired protein or the desired poly- 
peptide is adsorbed to the zeolite packed in a column, the 
5. protein or polypeptide can be e.g. eluted by displacement 
or by changing the three-dimensional structure of the 
adsorbed substance. 

The amount of protein that can be adsorbed to hydro- 
phobic zeolites increases with an increase of the Si/Al 
10 ratio of the zeolite. Example 1 below shows that the 

amount of immunoglobulin G (XgG) that binds to the zeolite 
increases by a factor 10 when the Si/Al ratio of the zeo- 
lite increases from 15 to > 1000. Different proteins have 
a different capacity of binding to hydrophobic zeolites, 
15 and Example 2 shows a protein that does not bind to the 

zeolite (horseradish peroxidase), a protein partly binding 
to the zeolite ( albumin ) , and a protein binding strongly 
to the zeolite (IgG). 

Proteins which bind to the hydrophobic zeolite can be 
20 eluted with polyethylene glycol (PEG), and the hydrophobic 
zeolite can thus be used, for preparative purposes, to 
isolate peptides and proteins. 

Monoclonal antibodies (m-ab) are used in biochemistry 
and medical chemistry, and are isolated primarily from 
25 tissue culture supernatarits . The isolation of m-ab from 
tissue culture supernatants is performed on a laboratory 
scale or on an industrial scale where 'hundreds of litres 
of tissue culture supernatants are used. Hydrophobic zeo- 
lite Y binds more than . 10 mg antibodies per g zeolite, and 
30 the content of m-ab in tissue culture supernatants gene- 
rally is about 10 yig/ml. Example 3 below shows that m-ab' 
can be isolated from tissue culture supernatants by means 
of hydrophobic zeolite Y. 

Pref ractionation by precipitation with (NH^)2S0^, 
35 ethanol or polyethylene glycol is a commonly used method 
for eliminating unessential proteins in connection with 
the ourification of specific proteins.- Horseradish peroxi- 
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dase is one of the mos1: commonly used marker enzymes in 
immunochemistry . Horseradish peroxidase is yearly purified 
from hundreds of thousands of litres of crude extract by 
some form of pref ractionation, followed by ion-exchange 
5 chromatography. In Example 4 below, a comparison is made 
between prior- art methods of purifying horseradish per- 
oxidase and the method of the present invention. This 
Example shows that hydrophobic zeolite Y is an excellent 
alternative pref ractionation method for purifying horse- 

10 radish peroxidase by ion-exchange chromatography. As com- 
pared, for example, with the method using ammonium sul- 
phate fractionation, the method of the invention is most 
time-saving by dispensing with additional purifying steps. 
Reverse-phase HPLC is a commonly used method for ana- 

15 lysing mixtures of peptides and proteins. The carrier 
material is silica which has been made hydrophobic by 
covalent coupling of C^-C^g carbon chains. Hydrophobic 
zeolites with varying Si/Al ratios as carrier material in 
HPLC columns should provide similar analytical possibili- 

20 ties. However, a narrower particle size distribution is 
required, which is under development, before the hydro- 
phobic zeolites can be used in HPLC columns. 

Hydrophobic zeolites with varying Si/Al ratios have 
many potential preparative and analytical applications in 

25 biochemistry- The advantages of hydrophobic zeolites are 
numerous as compared with conventional hydrophobic car- 
riers. Zeolites consist of inert material, are stable in 
aqueous systems within a broad pH range, completely inso- 
luble and insensitive to oxidising and reducing agents, 

30 withstand high pressures and temperatures without chang- ' 
ing, and are much less, expensive than conventional hydro- 
phobic carriers. The binding capacity of protein per gram 
of zeolite is high, and hydrophobic zeolites can be used 
to advantage in large-scale industrial purification pro- 

35 cesses involving peptides and proteins. 
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Examples 

Example 1 . Adsorption of IgG to hydrophobic zeolite Y hav- 

20 ing different Si/Al ratios 

Two columns were packed with one gram of sintered 
zeolite Y with a ratio of y/x = 15 and y/x > 1000, respec- 
tively. On the columns was applied human immunoglobulin 
G (IgG), 1 mg/ml, in phosphate-buffered saline ( PBS ) . The 

25 columns were washed with PBS and eluted with 2% (w/w) 

polyethylene glycol 600 (PEG 600) in PBS. Flow 1 ml/rfiin. 

Si/Al ratio Total of bound IgG Amount of eluted IgG 
■ (mg) (mg) 

30 15 1.4 1.2 . 

> 1000 13.5 13.4 

■ Conclusions : 

An increased hydrophobicity of the zeolite Y is ob- 
35 tained with a higher ratio of- Si to Al . This Example shov7S 
that an increased binding capacity of human IgG is obtain- 
ed when the . hydrophobicity of the zeolite is increased. 
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7 

Example 2. Separation of albumin, IgG and horseradish" per- 
oxidase with hydrophobic zeoliiie Y 

1 ml of a mixture of 1 mg human albumin, 1 mg horse- 
radish peroxidase (HRP) and 1 mg human IgG in PBS was 
5 applied on a column consisting of 5 g sintered hydrophobic 
zeolite Y, y/x > 1000. The column was washed with PBS and 
eluted with a linear gradient of 0-20% w/w of PEG 600 in 
PBS. 1-ml fractions were collected. The result of the elu- 
tion appears from the accompanying Table. The gradient 
10 starts in fraction 10 and ends in fraction 30. 



Fraction Peroxidase Albumin IgG Fraction Peroxidase Albumin IgG 
(pg/ffil) (ng/ffil) (pg/nil) (pg/ffil) (pgM) (pg/ial) 





1 






18 








15 


2 






19 










3 






20 










4 






21 










5 






22 










6 


88 


88 


23 








20 


7 


.300 ■ 


188 


24 










8 


277 


166 


25 










9 


174 


117 


26 






68 




10 


108 


97 


'27 


21 


57' 


308 




11 


50 


53 


28 


18 


52 


278 


25 


12 






29. 




36 


190 




. 13 






30 




26 


139 




U 






■ ■ 31 




21 


109 




15 






32 






88 




16 






33 








30 


17 






34 









35 



Conclusions : 

In this Example, a mixture of proteins containing 
proteins of both plant and mammalian origin was prepared 
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in the laboratoiry and applied on a column containing 
zeolite Y. The Example shows: 

- one protein, HRP, that is not adsorbed to. the 
hydrophobic zeolite Y and can be found in the column 

5 filtrate 

- one protein, IgG, that is adsorbed to the hydro- 
phobic zeolite and can .be eluted from the column using" 
polyethylene glycol 

_ one prot.ein, human serum albumin, that is adsorbed 
10 to some degree to the hydrophobic zeolite Y. The reason 
for this separation into one unbound and one bound frac- 
tion is not yet known, but may be due to a non-homogeneous 
albumin preparation in respect of the hydrophobicity of 
the . protein . 

15 

Example 3. Purification of monoclonal antibodies from tis- 
sue culture supernatant with hydrophobic zeolite Y 

20 ml of a tissue culture supernatant containing 10% 
foetal calf serum from the mouse hybrodima HB 79 (from the 
20 American Type Culture Collection) producing monoclonal 

antibodies (m-ab), IgG^ , was diluted 1:4 with PBS and 

^a 

applied on a column consisting of 4 50 mg sintered zeolite 

y/x > 1000, flow 2.5 ml/min. The column was washed with 
10 ml PBS and eluted with 20% PEG 600 (w/w) in PBS. 1-ml 
25 fractions were collected, and .the amount of m-ab in the 

fractions was determined by a competitive ELISA for mouse 
IgG, see Table. The tissue culture supernatant contained 
2.5 pg m-ab/ml, and a total of 50 i-ig m-ab was applied on 
the column . 



35 
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Fx's.c'ti-On 


Amoun-b of monoclonal antibodies (y/ml) 




1 


0 




2 


0 


5 


3. 


0 








4 


2.5 




5 


5,0 




6 


7 . 5 




7 


8.7 


10 


8 


.7-5 






9 


7.0 




10 


5.0 




Elut:±on, t:ot:al 


43.2 


15 


Conclusions : 





This Example shows how a protein, IgG, in a complex 
protein solution can be adsorbed to a hydrophobic zeolite 
Y and eluted from the zeolite. 



20 Example 4 . Pref racbionation of horseradish peroxidase 

(HRP) from a horseradish homogenate with hydrophobic zeo- 
lite Y and subsequent:, purification by ion-exhange chroma- 
tography 

Horseradish was homogenised in deionised water. After 
25 centrifuging 20,000 x g for 15 min, peroxidase was puri- 
fied from the supernatant by ion-exchange chroma-bography 
on CM-Sepharose. For a comparison with t:his purification 
method, two different pref ract;ionat;ion methods were adopt- 
ed before the ion-exchange chromatography step: 
30 A. Ammonium sulphate fractionation having the horseradish 
homogenate' where the fraction of a saturation of 35-90% 
(NH^)2S0^ is kept and applied on CM-Sepharose. 
B. Adsorption to hydrophobic zeoli-te Y where the horse- 
radish homogenate is applied on a column of sintered 
35 hydrophobic zeolite Y, y/x > 1000 and the column fil- 

trate is kept and applied on CM-Sepharose. 
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10 

■ The purity of the peroxidase is stated as specific 
activity (units/mg) and as RZ value, which is the quotient 
- between absorbance 403 nm and absorbance 275 nm. . 



10 



20 



Purification Amount HRP 
method ' in) 


RZ value 


Specific activity 
(Units/mg) 


Yield 

U) . 




578 


0.2 


126 


100 


(NH4)2S04 

fractionation 


424 








Zeolite Y filtrate 


281 


0.4 


258 


49 


Crude extract and ion- 
exchange chroQatography 


195 


0.8 


354 


34 


(NH4)2S04 fractionation 
and ion- exchange chroma- 
tography 


204 


0.8 


265 


35 


Zeolite Y filtrate and 
ion-exchange chroiaatography 


.155 


1.3 


448 


27 


Conclusions : 










This Example 


shows 


how non- relevant proteins 


in a 



crude protein extract: can be removed from -the solution by 
adsorption to hydrophobic zeolite Y. Removal of non-rele- 
vant proteins from crude solutions simplifies further 
purification of the desired protein, in this case purifi- 
cation of horseradish peroxidase (HRP) using ion-exchange 
chromatorgraphy - 

Zeolite Y filtrate + ion-exchange chromatography 
gives a yield which is equivalent to that of ammonium sul- 
phate + ion-exchange chromatography, but a considerably 
higher purity ( specific activity and RZ value ) . 



35 
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CLAIMS 

1. A method for purifying hydrophobic proteins or 

•5 hydrophobic oligo-/polypeptides, characteris- 
e d by contacting a hydrophobic zeolite with a solution 
of one or more hydrophobic proteins or hydrophobic oligo-/ 
polypeptides . 

2 . A method as claimed in claim 1^ charac- 
"•O terised- in that the hydrophobic zeolite is in the 

form of sintered zeolite crystals entrapped or suspended 
in^ coated or suitably combined with one or more 
permeable, non-zeolitic materials. 

3. A method as claimed in claim 1, charac- 

15 terised in that it is carried out batchwise, fully- 
or semi-continuously . 

4. A method as claimed in claim 1, charac- 
terised in that the hydrophobic zeolite is packed 
in a column, to which a solution of one or more hydro- 

20 phobic proteins or hydrophobic oligo- /polypeptides is 
added . 

5. A method as claimed in claim 1, charac- 
terised in that the hydrophobic zeolite is added 
directly to the solution. 

25. 5. A method as claimed in claim 1, charac- 

terised in that hydrophobic proteins or hydrophobic 
oligo- /polypeptides are adsorbed to a hydrophobic zeolite 
and thereafter eluted for preparative purposes by dis- 
placement or by changing the three-dimensional structure 

30 of the adsorbed substances, 
r ■ 7. A method as claimed in claim 1, charac- 

terisedin that hydrophobic proteins or hydrophobic 
oligo- /polypeptides are adsorbed to a ■ hydrophobic zeolite 
in order, for preparative purposes, to increase the purity 

35 of proteins or oligo- /polypeptides present in the solution 
which is filtered off from the zeolite. 
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8- .A method as claimed in claim 1, c h a r a c 
t e r i s e d in t:ha"t "the hydrophobic zeolite added has 
the composition Na [ ( AlO^ ) ( SiO^ ) ] , where x and y are 
integers and y/x > 15. 
5 .9. A method as claimed in claim 1, charac- 

terised in that the hydrophobic zeolite added hais 
the composition Na^[ ( AlO^ )^.( SiO^ )y] , and x and y are . 
integers and y/x > 1000. 

10 



15 



20 



25 



30 



35 
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